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WPAFB  INTERIM  TECHNOLOGY  REPORT 
BIPOLAR  BATTERY  DEVELOPMENT 
SEPTEMBER  1991-  MARCH  1993 


1.  INTRODUCTION; 

This  Rpon  summarizes  the  development  woik  om^leted  by  Johnson  Ctmtiols 
Battery  Groiq}  Inc.,  JCBGI,  under  U.S.  Air  Force  Omtract  F3361S-91-C-2142,  Data  Item 
#A006,  for  die  time  period  of  September  1991  tfarou^  March  1993. 

The  focus  of  die  work  was  <»  die  development  of  a  filled  polymeric  composite 
substrate  for  use  in  a  tiue  b^lar  lead/acid  battery.  The  role  of  the  electrode  in  a  b^lar 
design  is  paramount.  The  essential  function  of  d^  substrate  is  to  provide  electronic 
ctmducticm  between  the  positive  and  negative  active  materials  widiout  permitting  ionic 
conductitm  which  would  shoit  out  the  cell.  The  substrate  requirements  ate  summarized 
below: 


1.  Electrical  conductivity 

2.  Chemical  insolubiliQr  in  sulfuric  acid  in  the  potential  windows  of  both 
electrodes 

3.  High  oxygen  and  hydrogen  overpotentials  in  sulfuric  acid 

4.  Inertness  to  die  electrode  reacticHis 

5.  lonically  ntm-porous 

6.  Manufacturable 


The  ctmtract  goals  for  the  development  of  the  substrate  material  are  found  below. 


Resistivity 

Thickness 

Wei^ 

Area 


<2(2-cm 
0.064  cm 
<  150  mg/cm^ 
>400  cm? 


JCBGI  has  focused  its  development  efforts  on  attaining  or  exceeding  each  of  diese 
goals.  The  original  program  schedule  can  be  found  in  Figure  1,  and  the  present  |»ogram 
sdiedule  can  be  found  in  Figure  2. 
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JCBGI  has  extensive  experience  in  testing  and  developing  potential  conductive  rillers 
for  bi^lar  lead  acid  batteries.  To  date  over  100  candidates  have  been  screened  and  only  a 
few  have  been  identified  as  a  possible  filler  materials.  JCBGI  concentrated  on  developing 
the  most  promising  of  these  fillers  for  use  in  this  program.  A  systematic  t^roach  was  used 
to  first,  prove  the  stability  of  the  conductive  filler,  and  second,  develop  the  processing  and 
fabrication  techniques  needed  to  produce  highly  conductive,  thin,  non-porous  substrates. 

The  stability  of  the  conductive  filler  is  tested  through  a  series  of  tests  developed  at 
JCBGI.  The  most  critical  of  which  is  exposing  a  conqx>unded  substrate  to  a  constant 
potential  of  l.S  volts  for  aperiod  of  time  varying  from  4  to  34  days.  This  method  tests  both 
the  stability  of  the  conductive  filler  at  positive  oveipotentials  and  the  porosity  of  the 
substrate. 

After  in:q)roving  the  conq>ounding  techniques  to  consistently  produce  non-porous 
parts,  proof  of  concept  testing  was  conducted  on  low  voltage  batteries.  Four  volt  batteries 
were  built  to  prove  the  viability  of  the  substrate  in  an  actual  battery  and  to  address  the  next 
major  development  issue-  positive  active  material  adhesion. 

The  above  development  issues  will  be  discussed  in  further  detail  in  the  upcoming 
sections. 


2.  PERFORMANCE  PRO.IECT10NS; 

A  set  of  preliminary  performance  requirements  for  the  More  Electric  Aircraft  (MEA) 
energy  source  were  given  to  JCBGI,  by  Richard  Flake  of  WPAFB,  during  the  program 
kickoff  meeting  on  December  12, 1991.  The  energy  source  requirements  are  sutiunarized 
below; 


Main  Engine  Starting; 
Ground  Power. 
Emergency  Power 
APU  Starting; 

Hybrid  Emergraicy: 
Tenqterature  Range; 
Voltage  Window: 


150  kW,  30  sec 
25-75  kW,  30A5  min 
75  kW,  10  min 
5-10  kW,  15  sec 
50-75  kW,  60  sec 
-65Ftol20F 

270  Minimum;  330  Maximum 


-2- 


Given  the  above  peifonnance  requirements,  JCBGI  using  their  pn^rietaiy  lead/acid 
batteiy  mathematical  model  (LABMM),  designed  four  different  b^lar  batteries  for  both  S- 
and  10-  year  time  frames.  In  designing  the  battery  system  for  the  5-year  time  frame,  JCBGI 
assumed  that  the  program  goals  for  the  substrate  development  were  reached  and  used 
conventional  active  materials.  The  10-year  battery  systems  were  modelled  assuming  a 
thinner  more  conductive  substrate  and  inq>roved  active  materials.  The  results  of  the 
modelling  can  be  found  in  Figures  3  and  4.  The  size  of  the  batteiy  can  change  dramatically 
depending  upon  the  jq^lication  ranging  from  as  small  as  0.18  ft^,  33  pounds  to  as  large  as 
8.13  ft*,  1349  pounds. 


3.  CONDUCTIVE  nLLER  DEVELOPMENT: 


Building  on  the  worir  performed  in  JCBGI’s  first  b^lar  lead/acid  program  with 
WPAFB,  conductive  filler  development  was  crmtinued  in  the  same  promising  areas. 
Towards  the  end  of  the  initial  program  JCBGI  was  having  some  success  using  one  type  of 
conductive  filler  that  showed  stability  in  the  battery  environment.  Also,  other  conductive 
fillers  were  investigated  including  SiC,  and  Ceramic  plaques  and  coated  fibers  using  the 
same  filler  chemistiy.  JCBGI  renewed  working  relationships  with  two  suppliers  of 
Conduflow,  and  found  different  conqianies  that  were  interested  in  developing  coated  glass 
fibers  with  Conduflow  and  ceramic  plaques  with  Conduflow. 

The  investigation  into  coated  glass  fibers  by  Photon  Energy  Systems  was  not 
successful.  They  made  four  different  attempts  on  making  fiber,  but  each  of  the  trials  could 
not  be  used  because  of  a  number  of  problems.  First,  the  glass  used  would  not  withstand  the 
acid  environment.  Second,  the  material  was  not  uniform  and  was  highly  resistive.  Third, 
the  adhesion  of  the  coating  to  the  glass  was  virtually  nonexistent  which  made  handling  next 
to  iiiq>ossible  and  con^letely  eliminated  any  chance  of  compounding  the  material  into 
plastic.  Finally,  they  could  only  make  die  material  on  long  strands  of  glass,  2-6",  which 
could  not  be  used  for  our  qiplication.  After  the  fourth  shipment  of  subpar  material,  which 
they  said  would  be  the  best  that  they  could  make,  activity  in  this  area  was  discontinued. 

After  the  attempt  at  glass  fibers  was  not  successful,  the  focus  of  development  efforts 
was  placed  on  Conduflow  powder.  Two  companies  were  contacted  and  sanq>les  obtained 
from  each.  The  samples  were  extremely  similar  in  particle  size  and  rqrpearance  but  the 
material  from  Magnesium  Elektion  fric.  (MEI)  was  much  more  conductive  than  the  Crystal 
Research  Inc.  (CRI)  material.  Leach  tests  of  both  materials  proved  that  they  were  stable  in 
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Figure  3 

BMET  PERFORMANCE  REQUIREMENTS 
BIPOLAR  BATTERY  SPECIFICATIONS 
Near  Term  Projections  (within  5  years) 
330  Volt  Battery  Systems 
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an  acid  aivironment,  but  detennining  their  stability  at  the  positive  potential  of  a  lead  acid 
system  w&s  more  difficult.  The  one  problem  with  Conduflow  was  that  it  is  not  stable  at  the 
negative  poU'ntials  of  the  battery.  To  be  able  to  use  Conduflow  as  a  substrate  material  a 
multi  layer  ^stem  would  have  to  be  used.  Drawing  on  JCBGI’s  e:qpenence  from  the  initial 
WPAFB  contract,  C-black  was  determined  to  be  the  ideal  second  half  of  the  substrate.  C- 
black  is  highly  conductive,  lightweight,  readily  available,  and  stable  at  the  negative 
potentials.  However,  C-black  is  not  stable  at  positive  potentials,  making  it  an  ideal 
c(»q)lement  to  Conduflow.  During  the  first  contract  much  effort  was  made  in  developing 
the  C-black  material  for  use  as  the  bipolar  substrate  before  it  was  proved  to  be  unstable  at 
positive  ovetpotentials.  Because  the  development  work  was  virtually  conq>leted  for  the  C- 
black  substrate,  efforts  were  concentrated  on  p-oving  the  stability  of  Conduflow.  The 
evolution  of  the  substrate  into  a  two  piece  laminate  causes  the  interface  between  the  halves 
to  become  a  development  issue.  The  manufacturing  developments  wfll  be  discussed  later. 

The  attenq>t  by  Materials  and  Electrochemical  Research  Inc.(MER)  to  produce  a 
dense  plaque  of  Conduflow  was  also  not  successful.  The  plaque  was  found  to  be  dissolve 
and  become  non  conductive  when  placed  in  contact  with  sulfuric  acid.  After  the  initial  trial 
no  further  attenq>ts  were  made. 

At  the  same  time  that  efforts  were  shifted  towards  powder  Conduflow,  a  concurrent 
effort  was  made  to  develop  a  SiC  material  that  could  be  used  as  a  conductive  filler. 
Qualification  screening  at  JCBGI  showed  that  SiC  was  a  possible  material  that  would  be 
stable  at  both  die  positive  and  negative  potentials  of  a  battery.  Samples  of  SiC  were 
received  from  MER  and  found  to  be  to  resistive  to  use  as  a  conductive  filler.  Because  of 
diis,  JCBGI’s  efforts  became  even  mote  focussed  on  the  promising  Conduflow  compound. 

Initial  compounding  trials  had  yielded  substrates  that  were  tested  to  be  non-potous 
and  stable  during  4-  and  S-day  stability  testing.  Through  improvements  in  conqiounding 
procedures,  which  will  be  discussed  later,  consistently  stable  substrates  were  produced. 
After  extoisive  testing  it  was  concluded  that  Conduflow  was  indeed  a  viable  conductive 
fiUor  for  a  bipolar  lead/acid  battery.  Development  on  different  fillers  were  discontinued  to 
concentrate  on  optimizing  the  Conduflow  and  the  conqwunding  parameters  needed  to 
produce  working  bqwlar  electrodes. 

The  Conduflow  received  from  MEI  proved  to  be  consistently  better  than  any  other 
material  tested.  MEI  had  also  supplied  all  of  the  material  to  JCBGI,  worth  over  $1 10,000, 
at  no  cost  over  the  first  18  months  of  this  contract.  Because  of  die  potential  for  this  product, 
MEI  and  JCBGI  entered  into  a  joint  effort  for  the  development  of  Conduflow.  MEI  would 
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be  te^ponsiUe  for  developing  die  techniques  of  i»odacing  and  inqnoving  the  material, 
while  JCBGI  would  test  and  qualify  it.  MEI  would  also  lend  their  compounding  expertise 
to  the  development  effort. 


The  fir^  area  to  be  addressed  in  the  development  of  Conduflow  was  the  particle  size. 
It  was  thought  diat  smaller  particle  size  would  eliminate  the  chance  for  porosity  by  being 
more  easily  wetted  by  the  plastic  resin.  Initial  trials  using  very  fine  particle  size  (<  1 
micron)  material  yielded  interesting  results.  The  material  was  not  as  conductive  as  thought 
and  also  displayed  mote  porosity  than  previous  trials.  After  discussirm  with  MEI  and  their 
coiiq)oonding  consultants,  it  was  determined  that  the  ultra  fine  particle  size  caused  more 
problems  dum  it  solved.  The  small  particle  size  lead  to  many  more  interfaces  between  die 
plastic  and  Conduflow  which  lead  to  hi^r  porosity.  Ihe  small  particle  size  also  caused 
die  increase  in  resistance  of  die  part.  Since  the  conductivity  of  die  material  is  dependent 
upon  particle  to  particle  contact,  having  uniform,  ultra-fine  particles  make  it  mote  difficult 
to  have  a  chain  of  contact  throughout  the  thickness  of  the  material,  hi  fact,  after  further 
investigaticMi  die  optimized  particle  size  may  be  in  d^  10-20  micron  size.  Presendy  the 
particle  size  used  is  3-S  microns,  which  is  a  result  of  the  type  of  manufacturing  method 
used.  An  entirely  different  method  of  production  would  be  needed  to  produce  material  whh 
larger  particle  size.  After  discussion  with  MEI,  it  was  decided  because  of  die  timeframe  of 
this  contract,  investigation  into  larger  particle  size  Conduflow  would  not  be  feasible. 

Efforts  would  be  better  spoit  on  optimizing  the  presem  form  of  Conduflow  and 
conqxHinding  parameters. 


4.  FABRICATION  PROCESSING  TECHNIQUES; 

Widi  the  focus  of  diis  contract  on  producing  a  polymer  based  b^lar  substrate, 

JCBGI  again  moved  forward  ficom  were  the  initial  amtract  with  WPAFB  left  off.  Resins 
investigated  during  die  first  18  mondis  of  diis  ctmtract  were  LDPE,  LLDPE,  HDPE,  Kynar, 
and  PTFE.  In  die  past  all  of  these  materials  woe  conqiounded  by  hand  in  small  batches 
using  a  mortar  and  pesde.  This  process  was  very  limited  in  bmch  size  and  caused  a  large 
degree  of  variability  fnxn  trial  to  trial.  To  eliminate  these  problems,  JCBGI  had  proposed 
to  use  contract  funding  to  purchase  a  Brabender  type  of  mechanical  mixer.  Prior  to 
beginning  die  contract,  anodier  group  in  JO  had  purchased  a  similar  machine.  Because  of 
die  high  loading  levels  needed  (75-85%  by  weight)  to  make  die  material  conductive  enough, 
special  equqimait  is  needed  to  compound  the  matoial.  The  Brabender  mixer  was  proposed 
to  do  diis  ccMupounding.  However,  initial  trials  widi  die  mixer  showed  diat  it  would  not 
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wolk  (m  loading  levels  hig^m  than  70%.  Because  of  this,  die  Brabender  mixer  was  never 
purchased  and  JCBGI  began  locddng  for  different  methods  to  compound  die  material.  It 
was  recommended  to  JCBGI  that  the  best  equipment  for  JCBGI  to  use  would  be  a  twin 
screw  extrader. 

Prior  to  purchasing  a  twin  screw  extruder,  JCBGI  had  material  con^unded  by  two 
different  vendors  using  similar  equipment  to  verify  that  it  would  woik  at  the  loading  levels 
needed.  Two  trails  were  run  by  Dr.  John  Muzzy,  of  Georgia  Tech  University,  and  MEI  to 
determine  if  a  twin  screw  extruder  would  work  for  our  qiplicatiiMi.  The  success  of  the  trials 
crmvinced  JCBGI  to  purchase  an  extruder  instead  of  die  Brabender  mixer.  The  unit  was 
ordered  in  December  of  1991,  and  was  ready  to  run  at  JCBGI  in  late  March  of  1993. 

It  was  thought  at  die  beginning  of  the  conoact  that  the  cause  of  die  porosity  problems 
in  the  substrates  was  caused  by  trq^ied  gases  during  compression  molding  of  the  material 
into  sheets.  To  eliminate  the  tapped  gas,  JCBGI  and  a  local  vendor.  Molded  Rubber  and 
Plastics,  designed  a  vacuum  compression  mold.  In  theory,  by  compression  molding  under  a 
vacuum,  any  trqiped  gas  in  die  material  would  be  removed  and  result  in  a  porous  free  part. 
After  many  different  trials,  stability  testing  showed  that  the  parts  made  with  the  vacuum 
mold  were  not  any  better  than  parts  in  the  conventional  marmer.  Because  of  the  cost  of  the 
process,  $6S--$7S  per  12"  x  12”  pan,  and  the  large  amount  of  material  needed  per  trial,  10+ 
pounds,  work  in  this  area  was  discontinued. 

Because  of  the  success  late  in  the  initial  program  using  LDPE  as  die  base  resin, 
JCBGI  began  its  development  using  the  same  resin.  The  plastic,  called  Microthene,  is 
purchased  from  Quantum  Chemical  Corp.  in  powder  form.  Using  a  powder  form  of  die 
plastic  results  in  a  much  more  uniform  dispersion  of  die  filler  material  and  helps  eliminate 
porosity.  The  conductive  filler  and  the  plastic  are  dry  mixed  prior  to  melt  blending.  The 
material  is  then  cominessicMi  molded,  laminated  to  the  C-black  material,  and  cut  to  size  for 
testing. 

JCBGI’s  iQ^iroach  in  develt^ing  processing  parameters  for  a  diis  contract  wm  using 
(»ie  resin,  LDPE,  to  first  prove  the  stability  of  die  conductive  filler,  second  to  optimize  part 
conductivify  and  eliminate  part  porosity,  and  third  to  reduce  part  thickness  from  around 
0.070"  to  the  contract  goal  of  0.02S".  To  prove  the  stability  of  die  filler,  test  parts  were 
hand  compounded  at  lower  loading  levels  80*82.5%  by  weight,  and  compression  molded  to 
a  diickness  of  0.070"  and  stability  tested.  After  a  series  of  successful  tests,  no  change  in 
resistivity  after  4-34  days  while  maintaining  a  positive  potential  of  1.5  volts,  the  emphasis 
changed  towards  making  the  parts  diiimer,  and  more  conductive. 
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Because  the  propexties  of  the  filler  dictate  a  loading  level  of  80-85%  by  weight  is 
needed  to  i>ioduce  part  OHidactivity  high  enough  for  use  in  a  battery,  JCBGI  began 
investigating  additives  that  would  in^>rove  the  physical  properties  of  the  substrate.  MEI  has 
extensive  experience  with  producing  conductive  materials  and  suggested  die  following 
additives  which  could  improve  part  ctmductivity,  reduce  porosity,  and/or  improve 
manufacturing-  coupling  agents,  paraffin  oil,  stearic  acid,  ethylene  vinyl  acetate,  and  fumed 
silica.  After  investigating  all  of  these  additives  it  was  found  that  only  coiqiling  agents 
offered  die  only  real  advantage.  The  others  while  improving  part  conductivity  raised 
additional  problems  with  part  porosity. 

Since  initial  efforts  with  coupling  agents  were  so  promising,  a  series  of  trials  were 
ccHiducted  to  optimize  the  loading  level  and  addition  method  of  the  material.  Two  different 
coupling  agents  were  attempted  per  the  advice  of  Kenrich  Chemical  Inc..  Of  the  two 
materials,  one  was  clearly  better  at  all  loading  levels.  The  coupling  agents  are  used  in  small 
quantities,  0.01-1.00%  by  weight,  of  the  filler.  They  are  designed  to  bond  between  the  filler 
and  the  base  resin.  The  particular  material  used,  UCA  38,  is  fumed  silica  which  has  been 
treated  with  the  coupling  agent.  The  coupling  agent  inqrroved  part  conductivity  and 
reduced  part  porosity  at  levels  between  0.35%-1.00%.  At  levels  higher  than  1.00%,  the 
additional  material  did  not  offer  any  inquovement  over  the  1.00%  level.  It  was  also  found 
that  the  order  of  addition  was  critical  to  die  performance  of  the  material.  It  was  much  more 
effective  to  blend  the  coupling  agent  widi  the  conductive  filler  prior  to  adding  the  resin. 

All  of  the  development  woric  was  done  using  the  powder  form  of  the  LDPE.  This 
material  had  given  JCBGI  the  best  results  to  date.  At  the  same  time,  other  base  resins  were 
evaluated  but  none  were  found  to  have  all  the  manufacturing  advantages  of  LDPE. 

Recently,  JCBGI  has  also  been  investigating  HOPE  which  would  give  the  substrate  more 
high  tenqieratuies  c^abilities  and  a  more  rigid  stmcture.  Dqirading  iqion  the  replication, 
the  resin  with  the  best  properties  can  be  used. 

JCBGI  also  looked  at  using  PTFE  as  a  base  resin.  Whai  loaded  at  70-75%,  the 
material  was  highly  conductive,  1  Sl-cm,  but  was  also  highly  porous.  To  combat  the 
porosity,  resin  impregnation  was  attetipted.  The  material  was  treated  by  Itierex  Inc.,  with  a 
polycarbonate  based  liquid  resin  under  a  vacuum.  It  was  thought  that  the  resin 
impregnation  would  remove  dw  porosity  while  not  hindering  the  conductivity.  It  did 
neither.  The  parts  remained  porous  and  became  more  resistive  after  the  resin  treatment. 

The  activity  as  well  as  PTFE  development  was  stopped. 
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Another  resin  investigated  was  Kynar.  The  material  showed  initial  promise  during 
hand  compounding  trials  as  producing  conductive  and  non-porous  material.  However,  the 
high  teiiq)eratures  needed  to  mold  and  compound  material  (37SC)  caused  problems  with  the 
Conduflow.  JCBGI  attended  to  use  blends  of  LDPE  and  Kynar  which  resulted  in 
cmiductive  but  highly  porous  material.  Because  of  the  problems  with  Kynar  and  die 
promise  of  LDPE,  development  in  this  area  was  discontinued. 

The  development  efforts  for  the  C-black  part  of  the  substrate  were  much  easier 
because  of  the  vast  experience  JCBGI  has  using  C-black  for  the  Zn/Brj  battery  development 
program.  JCBGI  had  screened  several  different  types  of  C-black  before  choosing  a 
Keljenblack  material,  EC600JD,  from  Azko  Chemical.  After  several  iterations,  the  loading 
level  of  C-black  in  the  LDPE  was  found  to  be  19%  by  weight  This  afforded  parts  with 
cmiductivity  of  1-1.6  0-cm  and  enough  flexibility  to  be  used  as  a  bqiolar  substrate. 

The  fact  that  Conduflow  is  not  stable  at  negative  potentials  meant  that  a  laminate 
system  would  have  to  be  used  to  protect  it.  This  lead  to  development  of  the  interface 
between  the  Conduflow  substrate  and  the  C-black  substrate.  Initial  trials  of  conq>ression 
molding  the  two  halves  together  resulted  in  a  part  with  higher  resistivity  than  than  the  sum 
of  die  pieces.  This  was  caused  by  the  "skins"  \i^ch  are  formed  on  the  surfaces  of  each  of 
the  flat  sheets  during  conqiression  molding.  Two  different  methods  were  attempted  to 
remove  the  effect  of  laminating  the  "skins"  togedier.  The  first  was  to  add  C-black  to  the 
interface  prior  to  conqiression  molding  the  two  pieces  together.  This  proved  to  be  effective 
but  was  rather  difficult  to  t^ly  a  uniform  coating  of  the  C-black  to  the  interface.  The 
second  method  attenqited  was  to  remove  the  skins  on  die  interface  by  using  sand  pqier. 

This  worked  better  than  the  C-black  addition  and  was  much  easier  to  use.  Sanding  the  faces 
of  the  sheet  stock  prior  to  lamination  resulted  in  a  50-75%  reduction  in  pan  resistivity  and 
no  effect  on  part  stability. 


5.  STABILITY  TESTING; 

A  diagram  of  die  stability  test  fixture  can  be  found  in  Figure  5.  A  summary  of  all 
stability  tests  run  can  be  found  in  Figure  6.  Figure  7  is  a  grqih  of  a  typical  stability  test. 


-12- 


Dipolar  Subsirale 


3- 


Figure  5  Stability  Test  Flxt 


15 


17 


18 


-19- 


20 


■EVISED-  04-JAN-1993  STABIUTX  TESTIK 


-21- 


II 


i 


I 


s 

m 

!• 


u 

I 


jn  jft  li  jA  7  T 


<«- «  •  r> 

eii  ^  «•  «»«  I 
kJ  *4  4*^ 

ii3|§ 

ia|3| 

■  tfp  «l  ^  VI 

P«n  o 


s 

u 

(l. 

hi 


I 


I 

s 

s 

s 

I 


in  ift  m  ^  ^  m  w 

^  4»  •  •  «• 

•  •  o  o  «i«  o  w 


I  f«>  «  «n  m 


W  \  VI  ^  — ^ 

^UinB4v«P4V4»£vi«n 

i^po^mmo  • • 

[  ^ 

;Si!5S^S<Z 

n  »  I  I  I  m « r» 
r  «o  ^  m  r»  t  I 


«  VI  f*« 

S  &  \  10  -.—. -i ^ 
wMdrV'-'Ominw^oievrvf^ 

rSic- 


i 

VI 

VI 

i 


^  w*  m  <n 


U  P  *  m 
O  w  ^ 
M  U  «l  V 

VI  P  9  in 

&  M  • 

3  VI  W  V 


I  I  I  »  I  I  I  I 

_  OiOlVI^VtViV^V^ 

g 


1 


m  < 


m  «  m  » 


V  «o  «  «  ' 


m  <  ^  <  K 


H  o  e  e  o 

^  m  m 

2  *4  *4  «4  M 


9i  m 

-4  N.  0\ 
•  >v 


S2  5 


<«  U 


y 


*n 


23 


REVISED-  16-rEB-199)  STASILITy  TESTim 


27 


eXTRUDCD  65%  UWOING  161-IA  0.7}0  0.636  7.H3 

3/24/93  .351  CAMH  Ua/H  167-2A  9.120  9.039  0.279 

lOO/lOS/lOS/109 


31 


32 


s 


ss 


is 

I  I 
ot  m 


St)  u 

;s  i 


e 

«• 

«  III: 

m  S  «< 

•4  ^  ^  p  9 


sSSSatAa«s9 


!SSSS*S«»SX 


SXSSSSASSAg 


sssPssSsAA 


•  •  •  • 


issssss! 


I 


ooooooeoeo 


SiSSriftSsSSitmoS 

I  I  I  I  I  t  I  I  t  I 


S-^O 


S  y. 


4  u 


-si 

iis 

> 


-33- 


1 .6-1 


o 

a> 

B 

i< 

o 

> 

I 

o£ 

i 

1 

* 

1 '  * '  ■  t 

0  100 

M 

o> 

• 

Lq 

Kn 

, 

J 

.  ® 

* 

Lo 

a 

*5 

a. 

7i>v 

■ 

o  'w' 

:S  - 

o 

:o;£ 

] 

u> 

0 

E 

:§i- 

- 

Lo 
.  w 

. 

\  ; 

_ i 

■  o 

11  „ 

fv 

I  '  '  '  I 
p 

r  c 

(sC 

4  1- 

oivuJ 

0 

c 

)  }uej 

>  c 

jno 

i  c 

Qde\ 

r  c 
>  c 

|OA 

o 

>  O 

Ql 

1 

CO 

-34- 


Figure  7 
Sample  96a-1 

0.050"  Microthene  80%  Loading 
3.2%  Resistivity  Increase 


Stability  testing  a  bipolar  substrate  and/or  omductive  filler  has  been  developed  at 
JCBGI  over  many  years.  The  method  used  for  this  contract  is  die  3  and  4  point  tests  were 
die  bipolar  substrate  is  exposed  to  a  constant  potential  of  1 .5  vohs.  The  substrate  is 
sandwiched  between  the  two  cells  and  serves  as  the  working  electrode.  A  constant  potential 
of  1.5  volts  is  applied  to  the  substrate.  In  the  three  electrode  system  were  the  current  is 
collected  at  the  t<^  of  the  substrate.  After  24  hours  the  test  is  switched  to  a  four  point  test 
with  the  current  being  collected  after  it  passes  throu^  the  substrate.  Wioi  the  potential 
remaining  at  1.5  volts,  the  test  continues  for  a  minimum  of  3  additional  days.  Ideally,  if  the 
substrate  was  not  porous,  the  currem  would  remain  the  same  for  both  the  3  and  4  point  tests. 
A  rising  current  during  testing  would  suggest  a  porous  substrate  or  a  non-stable  conductive 
filler. 


The  secrnid  test  the  substrate  must  pass  is  the  amductivity  test.  The  conductivity  of 
the  part  is  measured  before  and  after  the  stability  test.  If  the  conductivity  increases  more 
than  20%,  die  accuracy  of  the  conductivity  test  + 10-20%,  the  part  has  exhibited  either 
porosity  or  the  conductive  filler  is  not  stable.  Since,  Conduflow  has  been  successfully 
tested,  an  increase  in  resistivity  would  indicate  a  porosity  problem.  The  increase  in 
resistance  can  be  explained  by  the  fact  that  the  C-black  side  would  be  exposed  to  die 
positive  potential  by  the  porosity  in  the  Conduflow  part,  which  causes  the  C-black  to 
oxidize  and  become  non-conductive.  In  parts  were  the  conductive  filler  is  not  stable  the 
increase  in  resistivity  is  explained  by  the  non-stability  of  the  filler. 

JCBGI’s  stability  testing  station  consists  of  one  four  channel  power  supply  which  is 
controlled  using  a  Macintosh  emitter  and  Labview  software.  The  software  was  written  by 
JCBGI  and  in  conjunctirm  widi  the  conqmter  makes  the  power  suf^ly  act  like  a  4  channel 
potentiostats.  The  ctnnpoter  also  the  data  collection  device,  recording  voltage  and  current 
acceptance  every  30  seconds. 


6.  BATTERY  TEST  RESULTS; 

Four  different  four  volt  batteries  have  been  tested.  A  summary  of  the  test  results  and 
battery  information  can  be  found  in  Hgure  8.  The  batteries  are  made  using  lead  sheet 
terminal  electrodes  and  one  b^lar  substrate.  On  tire  bipolar  substrate  Ig  of  Pb  powder  was 
sintered  <hi  to  help  promote  paste  adhesion.  A  number  of  pasting  trials  have  been  conducted 
and  it  was  found  that  the  PAM  would  not  adhere  to  tire  bqrolar  substrate  without  some  form 
of  Pb  adhered  to  the  surface.  Parts  pasted  without  any  Pb  displayed  no  paste  adhesion,  the 
PAM  would  shear  off  at  tire  substrate  to  PAM  interface  in  sheet  form. 
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Batteiy 

% 

% 

£ 

Filler 

CA 

Thick 

159 

82.5 

035 

0.086" 

160 

80.0 

035 

0.087" 

PAM 

NAM 

Active 

0-cm 

Weisbt 

Weidit 

Area 

1.83 

34g 

34g 

12" 

3.14 

34g 

34g 

12" 

Batleiy  teiminals  are  lead  sheets  with  12g  of  active  mareiial  (m  each.  Sq»iatm  tfaickiiess  is  0.030",  with  the  battery 
being  assembled  osiiig  gasket  material  and  a  glue  to  prohibit  leaking.  Less  than  Ig  of  lead  dost  was  sinieied  on  eadi 
bqwlar  {date  to  aid  in  paste  adhesioa  Addwasimiodooedviaavaciinmfilltechniqne.  Formation  took  jdace  over  48 
boms  with  a  total  of  79  di/#  PAM  (Positive  Active  Mateiiai).  Battery  160  developed  a  short  tfaoroagh  the  separmor 
dming  immadoo.  The  squoator  was  rqdaced  and  the  formation  was  com{deted.  Discharge  data  6om  woth  batteries 
follow. 


Battery  #159 


Cvde 

Date 

IR 

DisI 

DTime 

%Rechante 

1 

3/25 

40 

10 

41s 

1120 

2 

3/26 

40 

10 

85s 

1116 

3 

3/29 

43 

20 

31s 

643 

4 

3/30 

51 

10 

22s 

256 

5 

3/31 

45 

10 

35s 

243 

6 

4/1 

57 

10 

21s 

1134 

7 

4/2 

61 

10 

53s 

1103 

8 

4/5 

76 

10 

15s 

2971 

9 

4/6 

76 

10 

65s 

596 

10 

4/7 

88 

10 

69s 

494 

11 

4/8 

95 

10 

70s 

140 

12 

4/9 

105 

10 

24s 

1100 

13 

4/12 

105 

10 

76s 

140 

14 

4/13 

115 

10 

70s 

140 

15 

4/14 

110 

5 

286s 

140 

16 

4/15 

120 

5 

284s 

140 

17 

4/16 

130 

10 

89s 

140 

18 

4/19 

130 

10 

40s 

140 

19 

4/20 

150 

10 

43s 

200 

20 

4/21 

145 

10 

60s 

200 

21 

4/22 

150 

10 

65s 

200 

22 

4/26 

170 

10 

19s 

200 

23 

4/27 

170 

10 

89s 

200 

24 

4/28 

170 

10 

89s 
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Figure  8:  Battery  Test  Data 
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B«aefv#160 


Cycle 

Dale 

Qt 

Dis 

Conent 

Dis 

Tune 

% 

Rechanie 

1 

3/26 

40 

10 

150b 

553 

2 

3/29 

49 

20 

69s 

221 

3 

3/30 

S6 

10 

109s 

122  ' 

4 

3/31 
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10 

123s 

127 

5 

4A 

80 

20 

14s 

530 

6 

4/2 

84 

10 

125s 

193 

7 

4/5 

lOS 

10 

108s 

167 

8 

4/6 

115 

10 

127s 

133 

9 

4/7 

140 

10 

148s 

133 

10 

4/8 

160 

10 

lS8s 

140 

11 

4/9 
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10 

148s 
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12 

4A2 
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10 

120s 

140 

13 

4/13 

220 

10 

13Ss 

140 

14 

4/14 

220 

10 

ISOs 

125 

IS 

4/lS 

255 

10 

241s 

Teaidown  Petfooned  oa4/l^/93 


Batleiv»lS»-B 
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Dale 

IR 

Dis 

CacDea 
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% 
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1 

4/8 

42 

10 

214s 

271 

2 
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24 

2s 
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42 

20 
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140 

4 
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49 

24 
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140 
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49 

10 

67s 

200 

6 

4/15 

55 

5 

2248 

200 

7 

4/16 

56 

10 

113s 

140 
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4/19 

65 

10 
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140 
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4/20 

72 

10 

39s 

200 
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67 

10 

39s 

200 

11 

4/22 

80 

10 
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200 
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4/26 

96 

10 

9s 

13 

4/27 

72 
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132s 

200 

14 

4/28 

74 

10 

97s 

200 
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4/29 

76 

10 

83s 

200 
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Figure  8  Cont. 
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Battery  teardowns  have  detennined  that  failure  has  been  caused  by  lack  of  active 
mateiial  adhesion.  The  PAM  would  not  be  adhered  to  the  substrate.  This  causes  excessive 
resistance  between  the  active  material/substrate  interface  and  severely  hinders  battery 
performance. 


7.  NEXT  STEPS: 


The  three  areas  to  be  addressed  in  the  remaining  months  of  the  contract  are-  Produce 
thinner  more  conductive  substrates;  Decide  on  a  method  to  produce  cell  to  cell  sealing; 
Improve  positive  active  material  adhesion  to  tlw  substrate.  Of  the  three  issues,  the  most 
critical  is  the  adhesion  issue.  The  first  issue  should,  without  any  material  improvements  or 
iHeakdiroughs,  evolve  simply  from  process  optimization.  The  sealing  issue  is  not  seen  as  a 
major  problem  because  of  the  material  used  as  a  base  resin,  PE,  can  be  easily  thermally 
brmded  too.  JCBGI  has  extensive  experience  in  using  vibration  welding  and  infrared 
welding  techniques  to  provide  cell  to  cell  sealing  for  bipolar  batteries.  These  techniques  can 
be  easily  modified  for  use  in  this  project.  The  main  development  issue  will  be  PAM 
adhesirm  to  the  substrate.  Initial  battery  testing  has  shown  that  this  has  been  the 
performance  limiting  area  on  all  of  the  batteries  made.  Future  development  efforts  will  be 
concentrated  on  diis  area. 
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